ABSTRACT: Marrubium vulgare and Withania somnifera are used in folk medicine of several countries. Many researches showed that they are used for the treatment of variety of diseases due to their antioxidant effects. The present aim of this study was to evaluate the antihepatotoxic and antioxidant activities of the both extracts against carbon tetrachloride (CCl 4 )-induced hepatic damage in rats. Both extracts were given orally in a dose of 500 mg/kg/day for 4 weeks along with CCl 4 started at the 7th week of induction of hepatotoxicity. The antihepatotoxic activity was assessed by measuring aspartate transaminase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), glutathione peroxidase (GPx), glutathione reductase (GR), glutathione-S-transferase (GST), reduced glutathione (GSH), tissue content and malondialdehyde (MDA) as well as histopathological examination. Both extracts showed a significant antihepatotoxic effect by reducing significantly the levels of AST, ALT and LDH. However, ALP levels were decreased non-significantly. Regarding the antioxidant activity, they exhibited significant effects by increasing the GPx, GR and GST activities with increased GSH tissue contents and decreased production of MDA level. Furthermore, both extracts alleviated histopathological changes in rats' liver treated with CCl 4 . M. vulgare and W. somnifera protect the rats' liver against CCl 4 -induced hepatotoxicity. This effect may be attributed, at least in part, to the antioxidant activities of these extracts.
INTRODUCTION

L
iver damage is one of the most serious diseases which has accompanied the adoption of modern food styles as well as exposure to many environmental pollutants and intensive intake of medications. Various xenobiotics are known to cause hepatotoxicity, one among them is carbon tetrachloride (CCl 4 ) that may cause lipid peroxidation [1, 2] .
Oriental herbal medicines have recently attracted the interest of modern scientifi c communities as alternative therapy. Th ere has been a sharp upward trend in the use of phytomedicines over the last decades in Europe and USA [3, 4] . Marrubium vulgare and Withania somnifera are some of medicinal plants that are grown and distributed in Saudi Arabia and used in folk medicine of several other countries. M. vulgare is used for the treatment of variety of diseases, including infl ammatory, gastroenterical and respiratory disorders [5] . On the other hand, the root of W. somnifera, known as Indian ginseng (Ashwagandha), has been described in Ayurvedic folk medicine to have potent aphrodisiac, sedative, energy-enhancing tonic properties and in geriatric problems [6] . Many investigators have reported that W. somnifera possesses anabolic, antiserotogenic and anticancer activities. Moreover, it is benefi cial in the treatment of arthritis, geriatric problems, stress, and male sexual dysfunctions. It also has adaptogenic, cardiotropic, cardioprotective, and anticoagulant properties [7] . W. somnifera has been shown to inhibit lipid peroxidation (LP) in stress-induced animals [8] . Th e proved activities of W. somnifera as adaptogenic, anti-infl ammatory, antioxidant, anti-platelet, antihypertensive, hypoglycemic and hypolipidemic eff ects may contribute to its cardioprotective properties [9] .
Th e current study was designed to investigate the potential antihepatotoxic eff ect of aerial parts of M. vulgare and W. somnifera in CCl 4 -induced hepatotoxicity and liver damage in rats.
EXPERIMENTAL Plant material and extraction
Th e aerial parts of M. vulgare L. and W. somnifera (L.) were collected from Wadi Kama, Al-Taif governorate, Saudi Arabia, in February 2009 and were dried in shade. A specimen was deposited in the herbarium of college of Pharmacy, King Abdulaziz University, Jeddah, Saudi Arabia (M. vulgare #. MV1105; W. somnifera # WS1154) and were identifi ed by staff of department of biology, Faculty of Science, King Abdulaziz University. Th e dried aerial parts of each plant (500 g) were extracted with methanol using Ultra turrax homogenizer (3 X 2000 mL). Th e solvent was distilled off under reduced pressure and the dried methanolic extract was kept at 4°C.
Chemicals
Carboxymethylcellulose sodium (CMC-Na) was purchased from Acros Organics (NJ, USA). Liquid paraffi n, carbon tetrachloride and heparin sodium were purchased from Merck (Dramstadt, Germany). All other biodiagnostic kits were purchased from Diagnostic and Research Reagents (Giza, Egypt).
Animals and their treatment
Male Wister rats, weighing 200-250g were used in this study in accordance with the guidelines of the Biochemical and Research Ethical Committee at King Abdulaziz University, Jeddah, Saudi Arabia. Animals were purchased from the animal house of King Fahed Medical Research Center, King Abdulaziz University and were housed in a well-ventilated, temperature-controlled room at 22 ± 3°C with 12 h light dark cycle. Food consisted of normal rat chow and water was provided ad libitum. Care was taken to avoid stressful conditions. All experimental procedures were performed between 8-10 a.m.
Group I (normal control, n=8), received liquid paraffi n (1ml/kg b.w., s.c.) each other day for 10 weeks. Starting from day 43 (7 th week), rats received CMC-Na; 1% (1 ml/200 g body weight/ day) orally by intragastric tube for 4 weeks. Hepatotoxicity in rats of groups (II -V) was induced by s.c. injection of CCl 4 dissolved in liquid paraffi n (30% solution), in a dose of 1ml/kg b.w. for 6 weeks [10] . Animal treatments with vehicle, silymarin or plant extracts started at the 7 th week of induction of hepatotoxicity and continued for 4 weeks along with CCl 4 injection. Group II (CCl 4 -treated rats, n=8), received a solution of 1% CMC-Na orally in the same previous dose for 4 weeks and served as a negative control group along with CCl 4 . Group III (Silymarin-treated group, n=8), received silymarin in a dose of 150 mg/kg/day suspended in 1% CMC-Na by oral gavage once daily for 4 weeks along with CCl 4 [11] . Groups IV and V (extractstreated groups n=8 each), received M. vulgare and W. somnifera Extracts, respectively, suspended in 1%CMC-Na by oral gavage in a dose of 500 mg/ kg/day for 4 weeks along with CCl 4 . Doses of both extracts were chosen according to unpublished preliminary experiments conducted by our research group (see acknowledgement).
At the end of the experiment, twenty four hours after dosing of vehicle, CCl 4 or plant extracts, blood samples were collected from the orbital sinus. Serum was separated by centrifugation at 3500 rpm and kept under -70°C for determination of liver enzymes. Animals were anesthetized with diethyl ether and sacrifi ced by cervical dislocation for separation of the liver. Livers were dissected out, divided into two parts. One part was kept in liquid nitrogen for determination of antioxidant status and the other part was immediately fi xed in buffered formalin 10% and was used for histopathological examination.
Assay of liver function
Th e biochemical parameters such as AST, ALT, ALP and LDH were determined using the commercially available kits according to the manufacturer's instructions.
Assay of liver antioxidant status
Liver superoxide dismutase (SOD) activity was determined according to the method described by Sun and Zigman [12] , while, the activities of hepatic glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione S-transferase (GST) activity were determined according to Mohandas et al. [13] . Reduced glutathione (GSH) tissue content was measured according to the method described by Moron et al. [14] , while LP products were determined by measuring malondialdehyde (MDA) content in liver tissue homogenates according to the method of Uchiyama and Mihara [15] . Values are expressed as nmol/g protein.
Histopathological analysis
For histological studies, liver tissues were fi xed with 10% phosphate-buff ered neutral formalin, dehydrated in graded (50-100%) alcohol and embedded in paraffi n. Th in sections were cut and stained with hematoxylin and eosin stain for microscopic assessment. Th e initial examination was qualitative, with the purpose of determining histopathological lesions in liver tissue.
Statistical analysis
Data are expressed as mean ± standard error (S.E.) of the mean. Unless otherwise indicated, statistical analyses were performed using one-way analysis of variance (ANOVA). If the overall F-value was found statistically signifi cant (p<0.05), further comparisons among groups were made according post hoc Tuckey's test. All statistical analyses were performed using GraphPad InStat 3 (GraphPad Software, Inc. La Jolla, CA, USA) software.
RESULTS
Evaluation of liver function
Results in table (1) showed that s.c. injection of CCl 4 induced a signifi cant increase in serum level of liver enzymes at the end of the experiment. Administration of silymarin for 4 weeks induced signifi cant reduction in the blood levels of AST, ALT and LDH, but did not signifi cantly aff ect the ALP levels. M. vulgare extract signifi cantly reduced the blood levels of the AST, ALT and LDH (p<0.05), compared to the values of CCl 4 -treated group. Although, it has also decreased ALP level, this reduction was not signifi cant. Administration 
Evaluation of histopathological changes
Histopathological examination of the liver sections from normal rats showed normal parenchymal architecture; no signifi cant lesions were observed ( Fig. 2A) . In CCl 4 -treated group, diff use central and peripheral necrosis, destruction of the lobular architecture and the formation of septa with sinusoidal dilation was seen (Fig. 2B) . Silymarin+ CCl 4 -treated group showed normal liver section with mild dilated blood sinusoids and very little effect on liver tissues (Fig. 2C ). In addition, treatment with M. vulgare and W. somnifera showed more or less normal histopathological pattern with regenerated liver nodules and mild degree of necrosis and lymphocyte infi ltration ( Fig. 2 D and Fig. 2E ).
DISCUSSION
Liver damage is always associated with cellular necrosis, increase in tissue LP and depletion of reduced liver glutathione. In addition, elevated levels of hepatic serum enzymes are indicative of cellular leakage [16] . Among xenobiotics, CCl 4 represents the main cause of acute liver injury through its bioactivation to trichloromethyl free radicals that cause LP and produces hepatocellular damage [17, 18] . In our study, CCl 4 induced severe liver damage as evidenced by the signifi cant elevation of serum levels of ALT, AST, ALP and LDH that indicates the severity of liver injury [19] . Th ese eff ects were coupled with a marked hepatic oxidative stress as well as histopathological changes indicating liver injury. Oxidative stress was evidenced by decreased GSH liver tissue content as well as decreased SOD, GPx, GR and GST activities coupled with the increased production of MDA. It is well known that GSH is a major non-enzymatic antioxidant and plays an important role in cellular defense, which is a crucial determinant of tissue susceptibility to oxidative damage [20, 21] . GSH depletion occurs as a consequence of CCl 4 -induced toxicity. During the radical stress, GSH is oxidized by GPx to oxidised glutathione, which can then be reduced back to GSH by GR. Reduced glutathione is also a cofactor for GST, primarily involved in the detoxifi cation of electrophilic xenobiotics via catalysing the formation of GSH-electrophile conjugate [22] [23] [24] . [24] . Th e increase in MDA levels, as evident in our study, suggests enhanced LP leading to tissue damage and failure of antioxidant defense mechanisms to prevent formation of excessive free radicals [25] . Silymarin, a mixture of fl avonolignanes from milk thistle (Silybum marianum L.), is a hepatoprotective herbal medicine with potent antioxidant activity and has been used as a positive control drug in similar animal models [26] [27] [28] . Treatment with M. vulgare and W. somnifera improved the liver function, an eff ect that was evidenced by the signifi cant reduction in AST, ALT and LDH. Th is improvement of liver function, in both M. vulgare and W. somnifera treated groups, was also supported by histopathological examination which revealed amelioration of pathological changes observed in CCl 4 -treated group. Th e possible mechanism of the antihepatotoxic eff ect of both extracts may be, in part, attributed to their antioxidant activities. Th is eff ect was evidenced by the signifi cant increase in the GSH tissue contents and decreased GPx activity in both M. vulgare and [29] and these compounds were previously served as free radical scavengers [30] . In addition, the antioxidant eff ects of W. somnifera Fig. 2B) . Hepatic tissues from Silymarin+CCl 4 group showe normal liver section with mild dilated sinusoids, ballooning of hepatocytes (B) and very little lymphoctic infiltration (Fig. 2C) . Hepatic tissues from M. vulgare treated group show more or less normal histopathological pattern with regenerated liver nodules (RN), mild degree of congested central veins (CCV), fibrosis, necrosis and lymphocyte infiltration (Fig. 2D) . Hepatic tissues from W. somnifera show mild necrosis, sinusoidal dilation and fibrotic bands (Fig. 2E) (H&E×250) depend on the presence of steroidal lactones, withanolides, which are the main active constituents (2.8%) [8, 31] . Moreover, the herb root was found to aff ord antioxidants, and therefore the herb root was used to treat various diseases including stress, anxiety, insomnia arthritis and neurodegeneration [32] [33] [34] [35] .
In conclusion, our results support the possible antihepatotoxic eff ect of both M. vulgare and W. somnifera extracts against CCl 4 -induced hepatotoxicity in rats. Th is antihepatotoxic eff ect may be attributed partially to their antioxidant activity.
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